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SPECIFICATION 

1. TllXROF TUB INVENTION 

Method for Coating Silver on Metal Material 

2. SCOWiOIf P ATI-NT CLAIMS 

1 . A method for coating silver, characterized in that a metal 
material is treated using a [insertion: chemical] plating 
solution that contains silver sulfate and aminocarboxylic 
acids and has a pH of 6 or greater, thereby forming a 
metallic silver coating on the surface of the metal material. 

2. The silver coating method according to claim 1, wherein 
an aminocarboxylic acid is used as the aminocarboxylic 
acid, and a solution produced by adjusting the pH to 6 or 
greater with alkali carbonate metal salt is used as the 
plating solution. 

3. The silver coating method according to claim 2, wherein 
the alkali carbonate metal salt is sodium carbonate. 

4. The silver coating method according to any of claims 1 
to 3, wherein the pH of the plating solution is 6 to 1 1 . 

5. The silver coating method according to any of claims 2 
to 4, wherein the aminocarboxylic acid is 
cthylenediaminetetraacetic acid, nitrilotriacetic acid, 
hydroxycthylcthylcncdiaminctriacctic acid, 



dicthylcnctriamincpcntaacctic acid, 
tricthylcnctctraminchexaacctic acid, hydroxycthyliminc 
diacctic acid, or dihydroxycthylglycinc. 
3. DiiTAILSD DESCRIPTION OF THE INVENTION 

The present invention relates to a method for coating 
inexpensive metal materials with silver, and, in additional 
detail, relates to a silver coating method for metal materials 
that prevents oxidation or corrosion of the base metal 
material, and which provides conductive materials that 
have dramatically improved electrical characteristics, 
particularly conductivity. 

In the past, known methods for (insertion: chemical] 
silver coating of metal powders have included methods in 
which metal powder is treated with silver cyanide 
(Japanese Examined Patent Application No. S47-30I9) and 
methods in which metal powder (copper powder) is treated 
with a silver nitrate solution composed of silver nitrate, 
ammonium carbonate, and trisodium 

cthylcncdiaminctctraacetate (Japanese Examined Patent 
Application No. S47-59283). However, the method 
described in Japanese Examined Patent Application No. 
S47-3019 is extremely dangerous because high- 
concentration cyanide compound is used, and there arc 
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problems with excessive costs for wastewater treatment. 
Moreover, although the method of Japanese Examined 
Patent Application No. S57-59283 is safe because cyanide 
compounds are not used, the silver nitrate and ammonium 
carbonate produce silver fulminate, which gives rise to the 
danger of explosion. In addition, there is the danger of skin 
damage caused by the silver nitrate itself or solutions 
formed therefrom. Moreover, in implementing the 
invention, a complicated procedure is carried out in which 
two types of liquid, an A liquid and B liquid arc used, the 
two liquids are mixed at the time of use, and the mixture is 
then used after dissolving the resulting sediment. 

The inventors of the present invention carried out 
painstaking investigations concerning a silver coating 
method for metal materials that has superior economics and 
practical applicability, while also being extremely safe. It 
was found that by using a [insertion: chemical] plating 
solution with a pH of 6 or greater produced by dissolving 
silver sulfate in aminocarboxylic acid and treating a metal 
material such as copper powder, nickel powder, iron 
powder, or the like with this plating solution, the above 
objectives can be effectively attained, and that the metal 
material could be reliably and uniformly coated with silver, 
thereby producing a silver-coated metal material with 
higher conductivity. 

Specifically, in accordance with the investigations of 
the present invention, when silver sulfate was dissolved in 
aminocarboxylic acids, in particular, an aminocarboxylic 
acid, to produce a solution with a pH of 6 or greater which 
was then used as a plating solution, it was discovered that 
the viscosity of the plating solution decreased relative to 
when silver nitrate was used, and that the dispersibiiity of 
the metal material, particularly metal powder, was 
improved, thereby allowing the metal material to be 
uniformly and completely coated with good reliability, 
while also producing a silver coating having higher 
conductivity relative to coatings produced using silver 
nitrate. In addition, silver sulfate has little danger of 
eroding skin tissue, as does silver nitrate, and silver sulfate 
docs not produce silver fulminate. The material is thus 
highly safe and easy to handle. Moreover, as described 
above, because a silver coating having higher conductivity 
than coatings produced using conventional silver nitrate 
baths can be obtained by using plating bath of the present 
invention, an economical metal material that has high 
conductivity can be obtained by treating low-conductivity 
metal materials that arc inexpensive. In addition, coating 
with silver can be favorably carried out on nickel or the 
like, in addition to copper. The present invention was thus 
perfected based on this knowledge. 

The present invention is described in additional detail 
below. 



The silver coating method for metal materials of the 
present invention employs a solution with a pH of 6 or 
greater containing silver sulfate and aminocarboxylic acids 
as a [insertion: chemical] plating solution and involves 
treating a meta! material with this plating solution. 

The reason that silver sulfate is used is as described 
above, and using silver sulfate decreases the viscosity of 
the plating solution and improves its dispersibiiity with 
respect to the metal material, while also allowing a silver 
coating with higher conductivity to be formed, as well as 
improving safety and handlcability, 

The used amount of silver sulfate has no particular 
restrictions, but is preferably 0.2 to 40 g, more preferably 
0.5 to 20 g, with respect to I L of the plating solution, 
based on the amount that is dissolved in the 
aminocarboxylic acids. 

Examples of aminocarboxylic acids include 
ethylenediaminetetraacetic acid (EDTA), nitriiotriacelic 
acid (NTA), hydroxycthylcthyicncdiammctriacctic acid 
(HEDTA), diethylcnetriaminepcntaacetic acid, (DTPA), 
triethylenetetraminehexaacetic acid (TTHA), 

hydroxyethylimine diacetic acid (HIDA), 
dihydroxycthylglycinc (DHEG), and salts thereof. These 
may be used individually or in mixtures of two or more 
types, and an aminocarboxylic acid is preferred, with 
OTP A and TTHA being additionally desirable. 

These aminocarboxylic acids operate as reaction 
reagents for the complexing of the metal material to be 
treated and the complexing of the silver sulfate. Complex 
salts with silver sulfate arc generated, and complex salts 
with the metal material arc also produced during use. 
Consequently, the oxide film at the surface of the metal 
material is removed, so that binding of silver with respect 
to the metal material is improved. The used amount of 
aminocarboxylic acids will be different depending on the 
type of metal material that is to be treated and the type of 
aminocarboxylic acid that is used, but at least an amount 
that is necessary for generating silver sulfate complex salts 
is desired, more preferably, 2 to 80 g per 1 g of silver. 
When EDTA is used, for example, the amount is 3 to 60 g 
per 1 g of silver, with 8 to 50 g being particularly preferred. 
When DTPA is used, on the other hand, the amount is 4 to 
75 g, with 4 to 40 g being particularly preferred. 

In this case, if the amount of aminocarboxylic acid is 
too small, then generation of silver sulfate complex salt will 
not be sufficient, and coating of silver on the metal material 
will be incomplete. If the amount of aminocarboxylic acid 
is too great, on the other hand, a phenomenon may occur 
whereby the silver that has deposited to coat the metal 
material will re-dissolve in the plating bath. The amounts 
described above arc thus preferred. 
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Oiycolic acid, hydroxyacelic acid, and the like, may 
also be used together with the aminocarboxylic acids as 
complcxing agent, but when used alone, the complcxing 
power is selective with respect to the metal material and 
silver in comparison to aminocarboxylic acids, and the 
complcxing power is also basically inferior. The 
conductivity of the resulting silver coating material will 
thus not be greatly improved, and an object of the present 
invention will not be attained. 

In addition, the complcxing power of the 
aminocarboxylic acids increases when used in conjunction 
with ammonium ions, but the conductivity of the resulting 
silver-coated material will not improved, and in some cases 
silver fulminate will be generated in the plating bath. 
Consequently, it is not desirable to use ammonium ions in 
conjunction. 

The plating solution of the present invention has a ptl 
of 6 or greater, but more preferably the pH is 6 to 11, with 
8 to 10 being particularly preferred. If the pH is too low, or 
if the pH is too high, then the complcxing power of the 
aminocarboxylic acids will be insufficient, and dissolution 
of the silver sulfate will be difficult. As a result, incomplete 
coating of silver on the metal material will occur in some 
cases. In this case, it is preferable to select a preferred pH 
range in accordance with the type of metal material that is 
to be coated with silver. For example, a pH of 6 to 9 for 
iron, a pH of 7 to II for copper, and a pH of 7 to 10 for 
stainless steel and nickel arc preferred. 

Adjusting the pH of the plating solution is carried out 
using an aminocarboxylic, but it is preferable to adjust the 
pH using an inorganic alkali metal salt, specifically, sodium 
carbonate, potassium carbonate or other alkali carbonate 
metal salt, most preferably sodium carbonate. In 
implementing the present invention, by using a plating bath 
prepared by using alkali carbonate tncta! salt to adjust the 
pH of the aminocarboxylic acid solution to a determinate 
pH, the complcxing power with respect to various types of 
metal materials and silver sulfate is increased, and a coating 
that has high conductivity will be reliably and easily 
deposited on the metal material. In addition, oxidation and 
corrosion of the metal material can be reliably prevented. 

The pH of the aminocarboxylic acid solution may be 
adjusted using sodium hydroxide, potassium hydroxide, 
phosphates, or the like, but in some cases, a phenomenon in 
which a reaction occurs between the metal material and the 
phosphate may occur, or the viscosity of Ihc plating 
solution may increase, and the conductivity of the resulting 



silver coating will thus be inferior to coatings produced 
using alkali carbonate metal salt. If, instead of adjusting the 
pH of the aminocarboxylate solution with alkali carbonate 
metal salt, the pH of the aminocarboxylate solution is 
adjusted using an inorganic acid or organic acid, the 
complcxing power may be inferior, even if the prescribed 
pH value is exhibited by the aminocarboxylate solution. In 
addition, it may become impossible to dissolve the silver 
sulfate, even at low concentrations. Moreover, the 
conductivity of the silver coating that is obtained will be 
inferior, even if the pH of the aminocarboxylic acid 
solution is adjusted with an organic base such as 
triethanolamine. Consequently, it is preferable to use an 
aminocarboxylic acid and to adjust the solution to a pH of 6 
to 1 1, specifically 8 to 10, using an alkali carbonate metal 
salt, specifically, sodium carbonate. 

In the present invention, the metal material is 
immersed in the plating solution described above, and a 
silver coating is formed on the surface of the metal material 
by substitution plating. Examples of metal materials 
include silver, nickel, iron, stainless steel, and alloys 
thereof, as well as any other material that can be subjected 
to substitution plating. In addition, these materials may be 
powders, fibers, sheets, or the like, but the method is 
particularly well suited to powdcr-form or fiber-form metal 
materials. Silver-coated metal powders, metal fibers can 
thus be provided as a replacement for silver powder and 
silver fiber. The particle diameter of the metal powder has 
no particular restrictions, but is preferably 0.1 urn or 
greater. 

The method for forming the silver coating on the 
surface of the metal powder is typically an immersion 
method, but methods involving spraying of plating liquid 
onto the metal material may also be used, depending on the 

Moreover, the plating solution is typically used at 
room temperature. When an immersion method is used, the 
plating solution may be stirred or made to flow. 

There are no restrictions on the amount of silver 
coating that is applied to the metal material, but when the 
material is a metal powder or fiber, an amount of 0.1 to 20 
wt%, specifically 0.5 to 5 wt%, with respect to the metal 
powder or fiber is preferred. In this range, a silver coating 
having a conductivity that is nearly the same as silver 
powder can be obtained, and the oxidative corrosion of the 
base metal is reliably improved. 
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When the metal material is coated with a high 
proportion of silver, the treatment amount of the metal 
material with respect to the plating liquid is decreased, or 
the amount of aminocarboxylic acid is increased, so that the 
silver sulfate is dissolved at a high concentration, thereby 
allowing a specified amount of metal material to be treated. 

In regard to the used amount of metal material with 
respect to the plating solution of the present invention, 
when a metal powder or fiber is used, in particular, 50 to 
3000 mL of plating solution is used with respect to 100 g of 
metal powder or fiber, with 300 to 1500 mL being 
preferred. With used amounts in this range, a desirable 
silver-coated metal material with favorable conductivity is 
obtained. 

The silver-coated metal material obtained in 
accordance with the present invention exhibits high 
conductivity due to the use of a plating solution in which 
silver sulfate is dissolved in aminocarboxylic acid, and thus 
the material may be used instead of silver powder for 
paints, adhesives, and synthetic resin fillers, in addition, the 
method of the present invention is extremely safe and has 
excellent handling properties, allowing silver-coated metal 
materials to be produced at low cost. 

Examples of embodiment are presented below in 
order to describe the effects of the present invention in 
additional specificity. 

(Test Example 0 

500 mL of [insertion: chemical] plating solutions no. 
I or no. 2 having the compositions indicated below was 
used, and 100 g of copper powder was introduced. The 
material was stirred for 30 minutes in order to carry out 
silver plating. 



Silver sulfate 
Silver nitrate 
BDTA-4H 
Sodium carbonate 
pH 



No. 1 



15.2 g/L 
12.2 g/L 
8.8 



2.8 g/L 
15.2 g/L 
12.2 g/L 
8.8 



Next, the resulting silver-coated powder was 
compressed under a load of 500 g onto Scotch mending 
tape to form a powder coating (coating thickness about 30 
u). The resistance at a separation of 10 mm was then tested 
using a tester (SOAR Corp. ME-533 Digital Multimeter). 
The results are presented in Table 1. 





Resistance 


No, 1 (silver sulfate used) 


2.2 Q 


No. 2 (silver nitrate used) 


3.5 Q 



From the results of Table 1, it was confirmed that a 
silver coating with high conductivity can be formed by 
using silver sulfate. 

(Test Example 2) 

A plating solution having the composition indicated 
below in which the pH adjuster shown in Table 2 was used 
was utilized for plating in the same manner as in Example 
of Embodiment I. The resistance of the silver-coated 
copper powder obtained thereby was measured in the same 
manner as in Example of Embodiment I . The results arc 
shown in Table 2. 

Silver sulfate 2.8 g/L 

EDTA-4H 15.2 g/L 



pH Adjuster 


Resistance 


Sodium carbonate 


2.2 CI 


Potassium carbonate 


3.0 a 


Sodium hydroxide 


4.0 CI 


Sodium phosphate 


1.2 kn 


Tricthanolaminc 


ion 



From the results of Table 2, it was confirmed that 
sodium carbonate was the best pH adjuster. 

2.8 g/L of silver sulfate, and 15.2 g/L of EDTA'4Na 
were used, and the solution was adjusted to a pH of 8.8 
using hydrochloric acid or acetic acid. It was difficult to 
completely dissolve the silver sulfate with the solution. 

Examples of embodiment and comparative examples 
arc presented below in order to describe the present 
invention in additional specificity. 
(Example of Embodiment 1) 

Electrolytic copper powder CE-IU0 (manufactured 
by Fukuda Metals, average particle diameter 10 urn) was 
used as the copper powder, and silver coating was carried 
out using the plating solution having the composition 
indicated below. 
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microscope, and it was found that the nickel powder was 
completely coated with silver. The silver-coated nickel 
power was analyzed by atomic absorptiometry, and the 
results indicated 90.5% Ni and 9.5% Ag. 



Plating solution composition 
AG 2 SO„ 2.8 g/L 

EDTA-4H 15.2 g/L 

Na 2 COj 1 2.2 g/L 

pH 8.8 

100 g of copper powder was introduced into 200 mL 
of 6% H 2 S0 4 solution and was stirred for about 10 minutes 
in order to remove the oxide film on the surface of the 
copper powder. Next, the material was washed with 2 L of 
warm water at about 30°C, and the sJurrificd copper 
powder was rapidly introduced into a plating container. 500 
mL of the above plating solution was added while stirring 
the copper slurry, and stirring was continued for 30 minutes 
at a stirring rate of about 250 rpm. After completion of the 
reaction, the resulting silver-coated copper powder was 
washed thoroughly with 3 L of warm water, whereupon the 
material was washed with acetone and filtered to remove 
the acetone. The material was then rapidly dried at 70 to 
90«C. 

The amount of the resulting silver-coated copper 
powder was 95.0 g. The silver coating was formed over the 
entire surface of the copper powder. The silver-coated 
copper powder was analyzed by atomic absorptiometry, 
and the results indicated a Cu content of 99.0% and an Ag 
content of 1 .0%. 

(Example of Embodiment 2) 

Carbonyl nickel 287 (manufactured by Inco, Canada; 
average particle diameter 2 pm) was used as nickel powder, 
and a plating solution having the composition indicated 
beiow was used in order to carry out silver plating. 

Elatjngjvojulion composition 

AgjSO, 15.0 g/L 

EDTA-4H 130 g/L 

Na 2 COj HO g/L 

pH 9.0 

100 g of nickel powder was washed with acid in the 
same manner as in Example of Embodiment I. After 
washing with water, the slurrified nickel powder was 
introduced rapidly into a plating container. While stirring 
the nickct slurry, 1000 mL of the above plating solution 
was added, and stirring was continued at a stirring rate of 
about 250 rpm. After about 2 hours, the plating solution 
changed to a blue color, and stirring was continued for a 
total of four hours. After completion of the reaction, the 
resulting silver-coated nickel powder was washed with 
warm water and acetone and then dried in the same manner 
as in Example of Embodiment 1. 

The amount of the resulting silver-coated nickel 
powder was 103.5 g. The material was observed under a 



(Example of Embodiment 3) 

Ground iron powder Fc (E)-S-100 (average particle 
diameter: 10 urn) was used as iron powder, and silver 
coating was carried out using the plating solution having 
the composition indicated below. 

Plating solution composition 
Ag 2 S0 4 7.25 g/L 

DTPA-5H 30.0 g/L 

Na 2 COj 22.5 g/L 

pH 8.5 

1 00 g of the iron powder was washed with acid and 
water in the same manner as in Example of Embodiment 1, 
and the slurrified iron powder was then introduced into a 
plating container. While stirring the iron slurry, 1000 mL of 
the plating solution was added and stirred for 1 hour at a 
stirring rate of about 300 rpm. Upon completion of the 
reaction, the silver-coated iron powder was washed with 
water and acetone and then dried in the same manner as in 
Example of Embodiment 1. 

The amount of the resulting silvcr-coatcd iron power 
was 99.5 g, and upon observing the material with a 
microscope, it was found that the silver coating had 
completely coated the surfaces of the iron powder, to 
addition, the silver-coated iron powder was analyzed by 
atomic absorptiometry, and the results indicated 95.2% Fc 
and 4.8% Ag. 

Next, the conductivity of the silver-coated powders 
obtained in Examples of Embodiment 1 to 3 was measured 
by the method described beiow. 

Conductivity test 

20 g of acetone was added to dilute 80 g of Ccmedine 
C (manufactured by Ccmedine Co., Ltd.), and 15 g of the 
silver-coated metal particles obtained in Examples of 
Embodiment 1 to 3 was added to 10 g of this diluted 
solution. The slurry was then applied onto a plastic sheet to 
form a film with a thickness of about CO urn, a width of 5 
mm, and a length of 30 mm. After drying for 30 minutes at 
80*C, the electrical resistance was tested with a tester at a 
separation of 10 mm on the surface of the coating. The 
tester was a "SOAR Corp. ME-533 Digital Multimeter," 
and the resistance of a blank, including the lead wires, was 
0.3 Q. 

For purposes of comparison, the conductivity was 
measured in the same manner for silver particles and nickel 
particles alone. 

The results are presented in Table 3. 
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Measurement Results 



Table 3 





Conductive 
particli 


Resistance 


Dotite 


D-550 


Ag 


1 Q 


(Fujikura Kasei) 








Carbonyl nickel 


#287 


Ni 


30 0 


(Ineo, Canada) 








Example 


of 


Cu/AgfAg: 1%) 


0.8 to 0.9 Q 


Embodiment 1 








Example 


of 


Ni/Ag (Ag: 


2 to 3 0 


Embodiment 2 




about 10%) 




Example 


of 


Fe/Ag (Ag: 


3.8 Q 


Embodiment 3 




about 5%) 





Based on the test results for conductivity presented in 
the table, the resistance of 0.8 to 0.9 O for the Cu/Ag {Ag: 
1%) of Example of Embodiment I was lower in 
comparison to the resistance of 1 Q for the Dotite D-550 
silver particles, and the silver-coated copper particles were 
thus found to be a suitable replacement for silver paste, 



In addition, the carbonyl nickel had a resistance of 30 
Q as-is, but the resistance of the nickel particles that had 
been coated with silver as described in Example of 
Embodiment 2 was 2 to 3 O, which was about !/ 10 of the 
resistance of 30 Q for the carbonyl nickel alone. It was thus 
confirmed that carrying out coating with silver is desirable 
for both nickel powder and iron powder. 

In addition, in order to test the corrosion resistance of 
the silver-coated metal powders obtained in Examples of 
Embodiment 1 to 3, the metal powders were left for 1 day 
under conditions of a temperature of 70°C and 98% 
humidity. The resistance was then measured in the same 
manner as described above. There was no change in 
resistance, and it was thus confirmed that a uniform coating 
of silver had been formed on the metal powder, and that the 
corrosion resistance was thus favorable. 

Applicant Uyemura & Co., Ltd. 
Agent: Takashi Kojima, Patent Attorney 
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(54) METHOD FOR COATING SILVER TO METALLIC MATERIAL 

(57)Abstract: 

PURPOSE: To form easily and inexpensively a silver coating having high electrical 
conductivity on the surface of a metallic material with high safety and ease of handling by 
treating the metallic material with a chemical plating liquid which contains silver sulfate and 
aminocarboxylic acid and is adjusted to adequate pH. 

CONSTITUTION: A metallic material consisting of copper, iron, nickel, stainless steel or the 
like in a powder, fiber or plate form is treated by a dipping method, spraying method, etc. 
using a chemical plating liquid which contains silver sulfate and aminocarboxylic acids such 
as aminocarboxylic acid or the like and is adjusted to j>6, more preferably 6W11pH by an 
alkali metal carbonate such as sodium carbonate or the like, by which a metallic silver coating 
is formed on the surface of said metallic material. Ethylenediaminetetraacetic acid, 
nitrilotriacetate, hydroxyethylethylenediaminetriacetic acid, ethylenetriaminepentaacetic acid, 
triethyienetetraminehexaacetic acid, hydroxyethyliminediacetic acid, dihydroxyethyl glycine, 
etc. are adequately used for the above-mentioned aminocarboxylic acid. 
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DTPA ©SS-&KW: 4 ~ 7 5 f , #K 4 ~ 4 o t b 

? a c t th «f ■* t ^ o 
com, r«/*x'>ifj'ie»«>l£ j»s * 4 -f 4' 
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<x © SNJ © « * SB & £ * K UTi^iM 
j>i (6 o ft Rf >t> tc W » 8? "t * t V» 5!Sai4tiS! 

fit <t t! K » W i>' S> !i , ■* & * to « 1} i' m 

^ ttf/f) t "C * © 8i ft 4 % «> 4 :i * T 4 
to-3Sirf«»'t'C3rJ8*!(#'.M/!)5:J-4#5-fc*.&4©-t\ 

JjcSStPJaO-sSiSSHtpHe JW-h i^4>(>©t2>*!>' 



ftKMiiiMinwiio) 

C t # i? L^, fH # ! (ft &" S W -fr 4 A. 3 K # 
it- & -J" £ 4 W St it T $ / /; a- * v tst M © iSIHt Jl 

& x <m ip. m ® ft ft & m m r %, b ^ & sat ft 
~» !»' w: * 3S ■£ 4 * ©K* a « ■fruits ti» 

c © a* -su js«fjtf?4n«tt»oaas:i;5 

t £ UrtrllKBt t®5e^- & t t r-tj * K , 

?ij £ # « e> « K W: p« 6 ~ a > fc? © «5 3- K tt t« 

ifS £- ft: tt pH |± 7 ~- 1 0 it* £ ilJiff j; IV. 

* it. x>o £n<oflm&t±r i s a a- *>yw>m 
ttt7i/*f*i'Si(i;!H, «sta r * * 9 

& W ffi , eKftB^MM, 

61 1« t }B $ , iJbWKffi^HHAi: 

.HtH^tiCi^fttJJ* UVo *sew t«is 

4 tc £ -t^ T?-yy;/v-*vigffi!ffitSifa'7'A. 

* <8 it # 5K < v *■ f # # K ((8 * * ^> S» S« K & « 



t O T * 4 o 

t©»s*, t < ✓ * twnt-r 

4 K 43 i) v * ffi It -f t- V !> ^ , 

© tti IK tJ! _k # L- jt * v # n tt & S? *f *> £ 9 * Bi m 
i tf; K If; :f 4 e £ # i' © « ft * & t * *3 * # * ^ 
:«»■=> <8 i\ 4 SI KISS © «* fittfe 4 KiK T * i> 9 
Kl*ra^/c«ftiJt«!U-C»4<. 7 $ J it 

38 X tt * tS SSt "C S3 ** "t 4 «S * K > t © f * ' * 
^flS^iS»£H:ffise©i«(K*»«+tC <> * TJ.^bb 

■r «it » *« » < , {sSiafiHtistRK-ciai w * a t 

i -C S ft ^ fc i !S5 & 4 a K£KT*/***y« 
W«E©f» * I" V * ' ^ -* T - 

si if* u ft m « «* «7 <i 4 «a « a>< © vna tt >»' * o 

S£C -C , 7^*»*i'a9iHtT(V**f 
KI5!^ h V »ArHi 6 ~ t l , *? K s - I 0 KHE 



fC J: 5 « &SJ ?: Jg/K * * 4. © X * * 

if - , t^^fcO'&&^S^ iH)a«>^e^'f!8**ffl 

w.ms*--. ««»©« J i 4 *»*«*» 

W(c»f4iK*efewwi«f©»»tsfiffiK»*o 

T^4, KK, af«ffiS:»fflt4 : W-*t--t, »5j 

re » » w « -t- x, &M sa © & K a « l * *• 
K«nft^7Js j&;jsftxttm«i©«»*tt, cub 
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titSHS 3: J65 & ffi ft #? l>, -5ej4©&«#S 
£ J> 3 00-1 5 OOajii-ictjii^ 

*&wk.z i ft bn fc$siagg!is#»wu be'r 

fflLtirtjiiiitJiv sec 
-cesw^tt 5 k« Attain ««f»k 



»«8U-i(IU673(4) 

to 

C l 3 



EDTA • 4H 



8.8 



2.8 
1 5.2 * 



8.8 



Kit, ft t> a * * * 

rT - + K 5 0 0 f©Wa-tE»L.XCftb»fr 

(SOAR Corporation ME - 533 DTRTAL MliLTIMETES) 



iS K -i"n 



Mil <"«!S^«ffi) 
W2 (»M0!) 



# I « <P *ft * * i> , S38S!«a«:{it!ffi-t&e.ife* 
C * If! « 2 3 

it K «) 2.5?/* 
EDTA - 4 H 15.2 » 

8.8 



acmt *■ t- >i ? 



ft «f»® 2.8 , EDTA. • 4Na 1 5.2 

fcttlffib, tixfcSlKv TTpH 8.8 KM 

c **s#i 1 3 
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i6 -p s mmm 

A7,S0« 2.8 ?/£ 

EDTA-4H I 5.2 t/X. 

Na,CO, I 2.2 1/1 

pH 8.8 

ft)W 1 00 ? % 5 # HiSO, « it* 2 0 0 f tC A 

■Z-i- % a & v» t , & 3 o'Coazka^-cftfJ-tA: 

K A it , 84 a 3 V - * tit# L 4 # f> Jt E *> ^ ft « 
450 Midi, atfaSE»25 0 t.p.«. 
lot z o »M»}?**m-6 0 £SS L- 

A«8Rfl»iB* 3 .4-c3Efl-Jfefr I, ft*, Site 

ftifc^ttU Cu 9 9.0 * , A? J .0 * T £o fc c 

C S£ iS *J a 1 



RBHJG»-IUUG79<5) 
T 56 ffiv>t$$Mfc flit L ft » 

A?,SO t I S.O 1/i- 

EDTA-4H 130 ?/£ 

Ni.CO. 1X0 

pi) D.O 

warn o o fts^js^i t MttKa, 
tSMKAn, » y * ? n-iUlt 

U « 6. _h S3 ft f g S & 1 0 C 0 xi Ss A , 18 fl ! sE 
i£#; 2 5 0 r.p.m. *t ^ H t IB f* * fid ft a ft 2 

e is & 7 % , & j« u a «s # s * a- » a ?s & « 

1 tP))5!te85*S£»s T * h >■ ft, ft o 

i» £.*tfcsaffia - * *■ "»oa«; i o 3.5 ? -c 

tC«te«!«si6t**VC^7fco li ft , t © $ « H ■= 



? #- * » 4 Sf ^ 81 jfc 0- W J£ K i-PXfl-rr LftJS:« 

tt, Ni 9 0.5 iS , A? 9.5 i*t*f fto 

C « i« W 3 3 

**©i UTTlft^^WFoO- S - 1 0 0 < 

Af t SO, 7-2 5 9/1 

DTPA-5II 3 0.0 r/* 

Ns.CO, 2 2.5 
fH 8-5 

f 3 K Art, U-4:JfiJ*U4*:5»-bl!B»fft 
StiOOO^JU^ IMiSKfiS 0 0 r.p.m. 
K*-V>-Clii*IHJJjtW!*JBElrJ-a<. K !6 ** T « , * fS, 
bft*!U* ««»«I«*9«I 1 i W*a«£i8*9ti*, 7" 

#fcnft$"5SC5«*£><£>ittt9 9.SJ'-i:*})N ^ 



Ei*«R.«;#rrfl5K jtr>-C»*rLft*S#tt. Fe 3S.2 
* , AC .1 ,8 * "C S>^> fto 

* * ^'fi'C ( * ^ r-f^«ta;AttS> 8 o f 
?(C%^«1 ~3-rW5>^7tffl«K&S*^ ; Pi 5 

fc^i, 0«*i«!SioW»ffi!ii;*'? L ^ :i ' 
--Cffi)5aUfco 4*>-n 7- ^ f - tt TSOAR Ojrporation 
ME - 5 3 3 DIGTAL MULTIMETER J"C & i> \ U - V tt 
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(ijs&ftyiZ <(*)£*> 

*»0J 3 



Cu/A^A?: 1 # ) 
F8/A?a?:^5i<) 



3.3ft 



mm <0 Cu/Af ( A? : 1 56 ) © ffi tt SJ.tt S3 » T 8. 
* ¥ — f' 4 H - 5 SOOfittffli O Jt .& ffili » 

ft ©i£i>tii£& * 28 #i 2 K m S *i jt £ 5 

i *MKs*«y*-A*oto«iiStta3 o ft © 

ft J/10 ©fit**), *■ V tr A-#3&V>»ttt»lC« 



£ rfi B X> fc ft. fc „ 

Kfc, SS«CTl~3-CW/tgi«afe6iW©Sfte 

«, 86 K 9 8 55©^f*T-C 1 B»SLfcft> _bB5 

ft t. £.*.&©&« »J:ft:«i©*Sr-* 

« W # )B $.3 ft t i- Jk m&&& C b 

ft BAA Jt«ISSf*lt&tt 

few A * ft as 50 
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